From the I-V characteristics for as-grown and irradiated Bi 2 Sr 2 CaCu 2 O 8+δ single crystals at T=5K (i.e. T → 0) in a magnetic field applied parallel to c axis, we have seen two types of vortex dynamics above the depinning threshold, depending on the vortex-vortex interaction strength (λ ab /a 0 ). For the as-grown sample, at a low field, the I-V curves show steps that clearly indicate a "fingerprint phenomenon" since they reflex the current dependence of the differential resistance r d (I). This can be ascribed to vortices flowing through uncorrelated channels for the highly defective lattice. As field sufficiently increase, these peaks merge to become broader ones indicating a crossover from filament type to braid river type. In contrast, in the irradiated sample, the pinning is found to be individual at low fields and collective when the vortex-vortex interactions are involved.
Introduction
Plastic motion plays a crucial role in the dynamics of vortices driven by an external current in type II superconductors. A broad class of systems such as charge transport in disordered metallic dot arrays [1] , charge density waves pinned by impurities, Wigner crystals, vortex matter in type II superconductors, and colloidal crystals exhibit features of plastic flow. Out of the several systems exhibiting this phenomenology, flux lines lattices in type II superconductors represent an ideal framework of investigation, due to their remarkable experimental accessibility and their ability to be mechanically tuned by changing the applied magnetic field. The vortex mater in the mixed state of type II superconductors is an ideal system to study collective transport of periodic flux driven lines, and is considered as an elastic medium, over the pinning environments. Plastic vortex flow usually emerges in driven disordered media.
The intriguing dynamics of the vortex lattice originates from the competition between the vortexdefect and the vortex-vortex interaction, leading to a threshold behavior. The disordered flux-line lattice exhibits a threshold (depinning) behavior and nonlinear response to an applied drive [2] . The driven disordered vortex lattice has been studied extensively. It was established that for very weak disorder, the vortex lattice is defect free and undergoes an elastic depinning. By focusing on the nonlinear dynamics above the onset of motion, theoretically, Fisher predicted that the elastic depinning would show criticality near the depinning threshold f c at T=0 and that velocity-force dependence curve would scale as v ∼ (f-f c ) β , where f is the dc driving force, v is the velocity of the driven media, fc is the driving force at which depinning occurs, and β<1 is the apparent critical exponent. With an increasing strength of the disorder, a crossover to plastic depinning may occur.
A plastic flow is observed in a large number of experiments and numerical simulations studies of particle motion in a random pinning disorder. In the plastic flow regime, the power-law scaling has been also shown from both experimental and numerical simulation works for colloids, charge transport in metallic dots and in driven vortices in type-II superconductors or Josephson junctions, with a wide spectrum of scaling exponent β in the range from 1.2 to 2.2. This exponent has not been explained theoretically. The question of whether there is a universal exponent for plastic depinning remains open. In this paper, we propose the disordered vortex lattice as an example of these phenomena, where controllable experiments at low temperatures can be done.
Experiment
Bi-2212 single crystals with a typical in-plane penetration length ab (T=0) ≈ 1700 Å were grown by a self-flux technique as described elsewhere [3] . Their high quality had been confirmed previously by Xray diffraction measurements. Two samples, A and B, were extracted from the same single crystal and the thick microbridges were created by using laser. The advantage of this technique is to make it possible to reach low temperatures and to apply large current densities with a good homogeneity of the current flowing in the sample. The resulting sample was post-annealed in oxygen atmosphere. Low resistance of the electrical contacts (≤1Ω) was made by bonding gold wires with silver paste.
The sample B was irradiated with a beam of 5.8 Gev Pb ions (which traversed over the entire specimen) at the heavy-ion facility GANIL (Caen, France). The density of irradiated defects corresponds to a matching field B φ of 1 T, i.e. to an average distance d φ ≈ 400 Å between the tracks. Using a standard dc four-probe method, I-V characteristics were obtained with a voltage resolution of 1 nV and a temperature stability better than 5 mK. The magnetic field was aligned with the ion tracks using a wellknown dip feature occurring in dissipation for the field parallel to the columnar defects.
Results

I-V characteristics
In order to investigate the influence of the history of current and field cycling on the pinning of the flux-lattice, we have performed current-voltage measurements through tuning the strength of vortexvortex interaction (by changing the external magnetic field) for both samples in field cooling (FC) process at a fixed temperature (T=5K). Typical results are shown in from Concerning the unirradiated sample, as seen from Fig. 1 (a), we present the typical V(I) curves for different values of the strength of vortex-vortex interaction. We find a dramatic change in the gross features of V(I) curves as (λ ab /a 0 ) is varied. For 3.5 ≤ (λ ab /a 0 ) ≤ 10.43, we have measured the same dissipation in both ways either when the applied current is increased or decreased. When the magnetic field is decreased (0.35 ≤ (λ ab /a 0 ) < 3.5), different behaviours were observed in a restricted region of the phase diagram. These curves exhibit pronounced history dependence (Fig. 2) . This hysteresis disappeared at high currents. When the vortex lattice appeared under a low magnetic field, the V-I curves have an Sshape with a high threshold current I* (1: open square), but only for the first increase of the current. After this initial ramp, a reproducible I c < I* can always be detected (2: closed square). For (λ ab /a 0 ) lower than 0.35, we do not observe any hysteresis in the V-I curve. The two thresholds, I c and I*, identify two distinct states of the FLL, with one is more strongly pinned than the other. Another remarkable behavior in Fig. 1(a) is the multiple steps in the I-V curves measured upon increasing or decreasing bias current. For λ ab /a 0 larger than 3.5, we do not observe any "step" in the I-V curve. One can see that the difference in V-I characteristics of irradiated sample in Fig 1 (b) shows the V (I) curve measured at fixed magnetic field and temperature. These curves present the usual form V ≈ (I-I C ) for a current that is slightly larger than the critical current I C . One should notice that both increasing and decreasing the current give the same dissipation for high λ ab /a 0 (3.5 ≤ (λ ab /a 0 ) ≤10.43) and for low λ ab /a 0 (λ ab /a 0 ≤ 0.65). In contrast, when a magnetic field is increased, different behaviors could be observed in a restricted region of the phase diagram (0.65≤ (λ ab /a 0 ) ≤ 0.85). One can see that in general, at a low field, a higher value of the critical current could be obtained upon an increase of the applied current.
Power law and Critical scaling
From Fig. 3 , one can see the typical scaling plots for the I-V characteristics before and after heavyion irradiation. Figs. 3 (a) and (b) show typical logarithmic plots of these fits close to the critical current for the asgrown sample. The exponent β was determined by using the linear part of the I-V curves at low [(I-I C )/I C ] values. When varying the value of I c around the previously determined values (i.e. in the confidence interval), the value of β changes in a way to fit the data near the onset of vortex motion and, thus, it allows us to estimate the error of β which is determined to be about ± 0.1. Increasing the strength of vortex-vortex interaction, we find a sharp crossover in the β exponent. We show different exponent respectively in the low (λ ab /a 0 = 0.78) in Fig. 3 (a) , and in high (λ ab /a 0 = 7.8) with respect to β ∼ 2.2 ± 0.1 and β ∼ 1.2 ± 0.1 in Fig. 3 (b) .
For the irradiated sample, similar plots are shown in Figs. 3 (c) and (d) in order to compare. We show different power law scaling respectively in the vicinity of the peak (Fig. 3 (c) for λ ab /a 0 = 0.78) and above the peak regime (Fig. 3 (d) for λ ab /a 0 = 7.8) with β ≈1.5± 0.02 and β ≈1.00± 0.02, respectively. A fit using power law does not seem good for the peak regime. One can notice that, in the vicinity of I C , there is a difference in the vortex dynamics between the depinning of vortices localized on the CDs below B<B φ and the depinning of the ones that are submissive to the "cage" potential in the vicinity of B φ . Fig. 4 shows the field dependence of the exponent β measured in the vicinity and above the hysteretic region before and after heavy-ion irradiation. The exponents in the two regimes are extracted from I-V characteristics with decreasing current after field cooling. Note that exponents in these two regimes represent different physical phenomena. The exponents in these two regimes are extracted from I-V characteristics with decreasing current after field cooling.
In Fig. 4 for the as-grown sample, one can notice that there is a difference in the vortex dynamics depending of the strength of the vortex-vortex interactions. At low field, vortex starts to move through non-interacting channels. On the other hand, when interactions between vortices are strong enough, braided river of vortices can be depinned while others remain pinned.
For the irradiated sample, one can see that there is a difference in the vortex dynamics between the depinning of vortices localized on the CDs below B<B φ and the depinning of those that are submissive to the "cage" potential in the vicinity of B φ [4] 
Differential resistance r d and Plastic depinning
From Fig. 5 , one can see the evolution of the differential resistance r d = dV/dI that is obtained from the I-V curves shows a typical feature of "fingerprint" phenomena in the vicinity of the peak effect. As for the as-grown sample ( Fig. 5 (a) ), the differential resistance r d = (dV/dI) is calculated by taking numerical derivatives of the curves that were shown in Fig. 2 . One should take the current dependence of r d at 0.5T as a typical example. r d shows jagged peaks as "fingerprints" at the onset of motion. The fingerprints were observed with both increasing and decreasing current (note that the same feature was obtained for 0.9 λ ab /a 0 < 3.5). One can see that the jaggedness of r d disappears at λ ab /a 0 higher such as 3.5. It seems that these separated sharp peaks merge as the magnetic field is increased leading to broader ones. This confirms that interactions are more important despite a pure elastic depinning process that was not reached. Indeed, for elastic flow, r d increases monotonically from zero and saturates at larger I to the final value where the coherent flux flow is recovered. Indeed, the observed vortex dynamics confirms that the vortex flow morphology changes from a filament type to a braided river type as B is increased. This was claimed by some numerical simulations results on superconducting driven vortices to be repulsive interactions through a random pinning potential [5, 6] .
Now let see what happens with the irradiated sample with the same measurements shown in Fig. 5  (b) . Below λ ab /a 0 ≤ 2.5, the curve of r d vs I grows monotonically as the current increases up to the flux flow of resistance (i.e., the I-V curve becomes quasi linear). In the vicinity of the peak regime, for λ ab /a 0 = 2.7, the r d (I) curve shows a peak, whose value exceeds the asymptotic flux flow of resistance at the intermediate Lorentz forces. In numerical simulations, this peak is usually ascribed to the plastic vortex depinning followed by the dynamic ordering of the lattice [7, 8] . It was pointed out that a purely elastic medium description of the FLL is inadequate: the quenched disorder generates defects in the FLL and the onset of motion is due to the plastic flow rather than a coherent motion of an elastic medium. The presence of this peak in r d (I), at intermediate current, confirms the plastic behavior due to "free" vortices moving through the cluster of vortices pinned by the CDs. This behavior presents a sharp distinction with the behavior that is exhibited at low field where the flux flow is quasi-monotonous. It must be noticed that the plastic behavior due to the moving vortex incoherently disappears at (a o /d) = 1 when an equal distribution of localized and interstitial vortices is present in the sample.
Conclusions
By comparing the I-V characteristics for as-grown and irradiated Bi 2 Sr 2 CaCu 2 O 8+δ single crystals, we have figured out two types of vortex dynamics near the depinning threshold. At low fields, for the asgrown sample, the I-V curves show steps indicating a "fingerprint phenomenon". This should be ascribed to vortices flowing through uncorrelated channels due to the highly defective lattice. As increasing field, these peaks merge to become broader ones, indicating a crossover from a filament type to a braid river type. Differently, in the irradiated sample, the pinning is found to be individual at low magnetic fields but collective when the vortex-vortex interactions are involved. Additionally, we have shown that, at the threshold current, a scaling law exists between the current and the voltage. The scaling exponent β is found to be significantly different for the two samples, within the experimental error of our measurements.
